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Abstract
Aiming at the problem that it is difficult to carry out effective high-precision positioning in the complex
and limited indoor space environment, this paper proposes an indoor limited space GNSS multi-
frequency PSO (Particle Swarm Optimization) positioning method. This algorithm effectively solves the
positioning technical problems which caused by inaccurate indoor spatial signal ranging. further we
analyze the factors that affect the performance of the positioning algorithm. Compared to our team’s
existing KPI-based doppler positioning algorithm, the algorithm in this paper improves the problem of
inaccurate range measurement, which caused by frequent cycle slips of signal loss. Through multi-
frequency coordination and local optimization processing, the stability and continuity of indoor high-
precision positioning are improved. The simulation results of semi-measured data show that the accuracy
of the positioning algorithm in this paper is equivalent to that of the existing algorithm. When some
signals are temporarily lost and refilled, the performance of this algorithm is better than that of the
existing algorithm, and it has better continuity and robustness.

Keywords
indoor environment, pseudolite , dual frequency, navigation and positioning, high precision, continuity 1

1. Introduction

With the full operation of the national Beidou system and the construction of the national
comprehensive PNT (Positioning Navigation and Timing) network system, the construction of the
indoor location service network is becoming more and more urgent. Of course, the relatively
mature indoor positioning technology of the market [1-7]has two type, one is Ultra-wide band
(UWB)[8,9]. The current market share of the technology is increasing year by year, showing good
application prospects, but the technology still faces major bottlenecks in capacity and dedicated;
another technology is array Bluetooth technology[10-12], Meter-level positioning accuracy can
currently be achieved with AOA (Angle of arrival) technology, but further improvement is still
needed in the high-density layout problem.

Compared with the above technologies, pseudo-satellite technology has three advantages: (1)
flexible networking mode, fast networking in small scale and large scale space; (2) passive
positioning, no user capacity problem; (3) highly compatible with GNSS system, to meet the
seamless indoor and outdoor applications of the same terminal. Therefore, this paper still focuses
on the pseudo-satellite technology compatible with navigation satellites. At present, Waseda
University in Japan has conducted more extensive technical research on this direction[13-18],
Low-speed and high-precision positioning in the indoor environment can be realized through the
existing half-wavelength array pseudo-satellite technology, doppler and ambiguity repair
technology. Based on the technical inspiration, China electric 54 put forward aa method ,which
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does not rely on half wavelength indoor homologous array pseudo satellite technology. On this
basis, through the carrier phase application, implements the indoor carrier phase based on KPI
(Known point initialization) doppler high precision positioning algorithm, based on
electromagnetic map pseudo satellite fingerprint positioning technology, etc. It solves the problem
of high-precision positioning in the indoor non-test environment[19-23]。

Combine the existing technical achievements. Facing the problem of initial point assignment, a
combined location algorithm using multi-frequency constrained ranging and local optimization is
proposed. By integrating the relationship between probability statistics and frequency and signal
transmission characteristics, the problem of obtaining absolute ranging information in indoor
environment is solved, and the method of indoor absolute location method is given.

2. Signal features

The base station signals analyzed in this paper are accomplished by homologous design. First,
the time-frequency control module tamed the local clock in real time to ensure the clock output of
1PPS and reference clock 10 MHz consistent with GNSS. The reference clock realizes the
generation of multiple frequency signals required for signal generation through the clock
frequency division module. Under the control of 1PPS, the baseband signal modulation of each
frequency is completed in the baseband signal generation module, and finally the RF signal
combined circuit output is completed by the upconversion module. Since the signals between
multiple channels and between different frequency points are controlled by the same PLL, so all
signals have the same time-frequency characteristics. At the same time, for each frequency point
signal transmitted on the same channel, because the hardware transmission path of each signal is
the same, we can think that the device delay between the frequency point signals of the same
channel is the same, so the multiple frequency point signals of each channel have a fixed phase
relationship.The pseudo-satellite base station principle is shown in Figure 1.

Figure 1: The pseudo-satellite base station principle



3. GNSS MFCR Localizatin Algorithm

3.1. Multi-frequency joint ranging

Figure 2: The principle of distance measurement

As shown in Figure 2, the multi-frequency ranging principle is similar to the pursuit principle.
Assuming that on the circular track, A athletes run 1 within unit time t and B athletes run 2
within unit time t , then the AB distance varies 1 2     within unit time. Therefore, we can
judge how far athletes A and B each run according to the cumulative change of the distance
difference. According to this principle, we assume that the wavelengths of the two frequency points
are also respectively, so we give the equation between the propagation distance and wavelength of
the two frequency points is 1 and 2
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In the formula: 1 and 2 are the propagation distance of two frequency signals; 1 and 2 are

the wavelength; 1N and 2N are the cycle count; 1 and 2 are the carrier phase of one

cycle; 1 and 2 are the noise error value; ,1init and ,2init are two frequency point signal

transmission initial phase distance value, assumed here is 0, then the formula can be simplified into:
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Thus, the double-frequency difference value can be obtained as follows.

21 21 2 2 1 1 21N N           (3)

The pursuit principle is also available.
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Assuming that the resulting integer value is M, then the upper formula can be changed to
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Finally, we get the distance value. 1 and 2

3.2. Data integrity strategy

The data fusion processing strategy is shown in Figure 3.

Figure 3: Data fusion processing strategy

3.3. Ranging fusion strategy

Assuming that when there are n frequency signals, in accordance with the selection 2
nC , then

there are 1n combination, each frequency ranging values have ( 1) 2n n times ranging values.

Therefore, there are altogether ( 1) 2num n n  ranging results for the current position at the
current moment. The distance between the transmitting channel and the receiving point can be
estimated by one-dimensional normal sample expectation.
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Among them, j is the j channel, jps is the j channel signal to reach the receiving point of the

evaluation distance value, ,i j is the j channel signal to reach the i frequency point of the

distance value.



3.4. The PSO location search

Based on the estimated speed of the maximum doppler value, and set the Doppler value as df , then

the speed isv .
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The search radius is defined as
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Where iter is the output rate of raw observation data per second of the receiver in hz

If the position  1 1 1k k kx y z   at the previous moment is given, the position at the current

moment k is searched for
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The particle swarm optimization algorithm initializes the constants are 1c 2c 1r 2r and w . In the
three-dimensional search space, there are a total of M particles forming a group, the i th particle
space position is xi is the potential optimal solution of the optimization problem, the speed of the
particle is recorded iv ,the contemporary best position ,i bestp , the historical best positio bestp , the n-

1 generation particle, the velocity and position of the n generation equation is
1 1 1
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Among them,the w is inertial weights; c1 and c2 are self-learning factor and group learning factor,
respectively, taking positive values; r1 and r2 are two random numbers varying within [0,1].

4. Simution Validation

4.1. Simulation Setting

The simulation test is set based on the existing array pseudo-satellite platform. Here, L1C, B1I
and B3I signals are selected for simulation. The signal characteristics are shown in the Table 1.

Table 1 The Signal Characteristics
name frequency (Mhz) tape width

(Mhz)
modulation mode PRN number

L1C 1575.42 2.046 B PSK 1~8

B1I 1561.098 4.092 B PSK 6~13

B 3I 1268.52 20.46 B PSK 6~13

During the indoor application of pseudo satellite signals, frequent recatch usually occurs, which
will introduce cycle jump. Based on the existing phenomenon, the simulation conditions are set as
follows:



1. The simulation time is 100s, the output frequency is 2 hz, and the signal coordinate values
are set as shown in Table 2 below.

Table 2 pseudo-satellite coordinates

name X(m) Y(m) Z(m)

P L01 -0.17 14.67 3.44

P L02 1.07 14.31 6.47

P L03 1.51 13.32 3.28

P L04 1.19 12.33 6.16

P L05 0.33 11.71 3.36

P L06 -0.99 11.84 6.26

P L07 -1.64 12.99 3.44

P L08 -1.38 14 6.33

2. simulation data setting: the data of ranging precision analysis is simulated by using single-
channel three-frequency data, and the data loss and cycle-slip anomaly are simulated by
setting L1 frequency point 1/3/5/7/8 signal loss at 10 seconds. At 13 s, the signal
reacquisition is effective and the observation data are output. At 40s, the signal of B1
frequency point 7/8/10/11/13 loses lock, at 40.5 s, the signal of B1 frequency point 7/8 star
reacquisition, and at 63 s, the signal of B1 frequency point 6/9/13 loses lock, 7/8/10/11/13
signals were lost at B1I and B3i frequency points at 70s, and reacquisition was effective at
73s. The rest of the time the data are normal.

3. In the random error simulation the phase error of the receiver output is generally 0.02 cycle.
Here, the empirical value as the reference to complete the error simulation test within the
range of 0.02~0.08.

4. The particle swarm optimization algorithm is initialized. We randomly generate 100 points
within the range described above, set the particle velocity
to vlimit = [-0.5, 0.5;-0.5, 0.5;-0.5, 0.5;] , set the inertia weight to w = [0.5; 0.5; 0.5], the self-

learning factor c1 = [0.5; 0.5; 0.5], the population learning factor c2 = [0.5; 0.5; 0.5], set the
iterations to 100, set the particle fitness initialized to 0, the particle best fitness initialized
to 0, and the particle best position initialized to the position minimum point.

4.2. Analysis of phase error and ranging accuracy

It is found from the simulation data that when the carrier phase error is set in ± 0.01 range, the
estimation of the whole cycle of ranging is almost all in 57, and there is a ± 1 week ranging error at
some points When the carrier phase error is set in the ± 0.02 range, the whole-cycle estimation is
similar to that when the phase is set in ± 0.01, only the partial data is more in the 56-week
estimation; when the carrier phase error is in the ± 0.04 range, there are frequent fluctuations and
multi-values in the whole-cycle estimation, and the maximum range estimation can be up to about
1 m, the data can guarantee more than 90% of the correct range estimation.This is shown in Figure
4.



Figure 4: Estimation of ranging accuracy

4.3. Analysis of frequency points and ranging accuracy

Of the 1000 sets of simulation data analyzed in this section, 45% introduced a ± 0.04-week
phase error and 55% introduced a ± 0.02-week phase error. The results show that: (1) the longer
the wavelength of the two frequency signals, the more accurate the range estimation is; (2)
increasing the frequency can effectively increase the accuracy of range estimation.This is shown in
Figure 5.

Figure 5:With any combination of frequency points, the whole-cycle estimation satisfies ±1
cycle probability



According to the simulation results, the original KPI-based Dopler localization algorithm can
achieve the reusing of the signal data and participate in the localization for the instantaneous
signal loss and recapture, but the data is continuously unavailable, compared with this algorithm,
the proposed algorithm ensures the stability of the signal in continuity and location accuracy by
multi-frequency constraint and abnormal signal reacquisition and repair.

Figure 6: Location error analysis

5. CONCLUSION

In order to solve the problem of cycle slips in pseudolite indoor positioning, a new method based
on multi-frequency constraint is Particle swarm optimization. This method avoids the ranging error
caused by frequent cycle slips in indoor environment and time-based ranging problems such as Toa
and TDOA. The signal transmission distance can be calculated by using the inter-cycle phase
relation of dual-frequency signals, and then use the Particle swarm optimization for high-precision
positioning. The algorithm can effectively improve the continuity of pseudolite signal in indoor
location and phase recovery of signal recapture. The simulation results show that the multi-
frequency constraint can not only improve the application of KPI algorithm for single signal lock-
down and recapture, but also improve the ranging accuracy, the location continuity of the signal is
further improved. However, the algorithm can not locate the signal if the dual frequency of the
tracking signal is not satisfied, so the KPI algorithm has more advantages, on the premise of
ensuring accuracy, the continuous availability of positioning is further improved.
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